EWLY synthesized pyrrolidine-3-carbonitrile derivatives were evaluated as antimicrobial activity. The structures of these derivatives were derived from reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with the stabilized phosphorus ylides, Wittig-Horner reagents, trialkylphosphites, as well as tris(dialkylamino)phosphines. The antimicrobial activity of the synthesized compounds was evaluated against Gram positive, Gram negative bacteria and fungi. The results showed comparable antibiotic activity to the reference antibiotic compound used in the study.
Introduction
Pyrrolidines are heterocyclic compounds that exhibit wide array of pharmacological activities due to their ability to modulate different biological targets. [1] They possess antiinflammatory, [2] antitumor, [3] antihistaminic, [4] antihypertensive, [5] antimicrobial, [6] hypnotic, [7] anticonvulsant, [8] antiparkinsonian [9] activities. Among these starting materials for generating diverse pyrrolidne derivatives, pyrrolidinones [10] showed to be attractive ones as they possess both electrophilic and nucleophilic centers enabling them to react with various reagents. 4-cyano-pyrrolidin-3-ones [11, 12] are particularly interesting precursors for synthesis of pyrrolidines. Considering the fact that they have two electrophilic sites, enriches their chemical reactivity and led to generating novel compounds [11] , [13] [14] [15] [16] of promising biological activity. [16] Based on the literature survey and as a part of our growing interest in preparing new organophosphorus compounds. [17] [18] [19] [20] In this article we studied the chemical behavior of 4-cyano-pyrrolidin-3-ones (1) towards organophosphorus reagents and evaluation the antimicrobial activity of the products (Fig. 1) . 
Results and Discussion
Wittig reaction [21, 22] of 4-cyano-pyrrolidin-3-ones (1) with stabilized ylide 2a-c gave the corresponding unstable olefination products 6a-c. 1 H NMR spectra of products 6a-c showed characteristic proton around 7 ppm indicating trisubstitiuted alkene formation. Interestingly enough, compounds 6a-c were unstable and they undergo aerobic oxidation [23] to give the corresponding α, β-unsaturated compounds 7a-c as shown in (Scheme 1).
In a similar fashion, reaction of N-phenyl triphenylphosphine (3) with ketone 1 gave the corresponding imine via tandem [2+2] cycloaddition-cycloreversion mechanism to provide the oxazaphosphazetidine intermediate [24] that collapses to give the imine which tautomerize to the corresponding enamine 8 (Scheme 2). The structure was assigned based on 1 H NMR peaks at 4.27 and 4.21 ppm for two methylene groups in addition to the IR peak of secondary amine appeared at 3430 cm -1 .
Nucleophilic attack of trialkyl phosphite/ phosphorane reagents on ketone 1 proceeds to give the corresponding enol ether compounds 9a,b and enamines 9c,d as shown in Scheme 3. These products were confirmed by spectral data, specifically; A plausible mechanism of forming products 9a, d is shown in scheme 4. The addition of trialkyl phosphite to the ketone gave intermediate 10 which undergoes nucleophilic attack on the alkyl group on the phosphorus to form compound 11. Deprotonation of compound 11 triggers the elimination of the phosphonate to proceed smoothly to 9a. While in case of trisdiethylaminophosphorane, intramolecular reaction of compound 11' to kick out the alkoxy group followed by elimination to give 9d.
Horner-Wadsworth Emmons reaction [25] of ketone 1 with reagents 5a,b gave the same previously isolated products 7a,b resulted from the reaction of 1 with reagents 2a,b (Scheme 5). As shown in Table 1 and Fig. 2 : The compounds 6d, 7c were found to be highly active compounds against Gram positive: Stephelococcus aureus (32 mm inhibition zone) and Gram negative: Escherichia coli (20 mm inhibition zone), respectively. These excellent results especially that of 7c, which reaches the bioactivity of the reference antibiotic, enables us to continue the work on this antibacterial substance until reaches application stage in pharmacology studies.
Novel series of pyrrolidine-3-carbonitrile 
as a standard).
The mass spectra were performed at 70eV on a Shimada GCS-OP 1000 Ex Spectrometer provided with data system. 4-cyano-pyrrolidin-3-one (1) was easily prepared according to the literature. [12] 
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with carbmethoxymethylene triphenylphosphorane (2a).
To a solution of ketone (1) (0.22 g, 1.0 mmol) in dry toluene (30 mL) was added ylide 2a (0.33 g, 1.0 mmol), the mixture was refluxed. After 1 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography (SiO 2 , eluting with 3-8% EtOAc in petroleum ether) to afford the unstable alkene (6a, 16%) as a colorless solid followed by conjugated alkene (7a, 73%) as oil. To a solution of ketone 1 (0.22 g, 1.0 mmol) in dry toluene (30 mL) was added ylide 2b (0.34 g, 1.0 mmol), the mixture was refluxed. After 1 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography (SiO 2 , eluting with 7-15% EtOAc in petroleum ether) to afford the unstable alkene (6b, 12 %) as a colorless solid followed by conjugated alkene (7b, 69%) as oil. 
Methyl(E)-2-(4-cyano-1-(4-methoxyphenyl

Ethyl (E)-2-(4-cyano-1-(4-methoxyphenyl)pyrrolidin
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with ylide (2c) (E)-4-(cyanomethylene)-1-(4-methoxyphenyl)-4,5-dihydro-1H-pyrrole-3-carbonitrile (7c)
To a solution of ketone 1 (0.22 g, 1.0 mmol) in dry toluene (10 mL) was added ylide 2c (0.31 g, 1.0 mmol), the mixture was refluxed. After 6 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography 
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with ylide 2d.
O (E)-1-(4-methoxyphenyl)-4-(2-oxopropylidene) pyrrolidine-3-carbonitrile (6d)
To a solution of ketone 1 (0.22 g, 1.0 mmol) in dry toluene (30 mL) was added ylide 2d (0.31 g, 1.0 mmol), the mixture was refluxed. After 6 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography (SiO 2 
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine -3-carbonitrile (1) with N-Phenyl triphenylphosphorane (3). 1-(4-methoxyphenyl)-4-(phenylamino)-2,5-dihydro-1H-pyrrole-3-carbonitrile (8)
To a solution of ketone 1 (0.22 g, 1.0 mmol) in dry toluene (30 mL) was added ylide 3 (0.35 g, 1.0 mmol), the mixture was refluxed. After 1 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography 
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with triethylphosphite 4a.
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with triisopropylphosphite (4b).
4-isopropoxy-1-(4-methoxyphenyl)-2,5-dihydro-1H-pyrrole-3-carbonitrile (9b)
A mixture of ketone 1 (0.22 g, 1.0 mmol) and triisopropylphosphite (4b) (3 mL), were heated in water bath at 70 º C. After 7 h, the excess triethylphosphite was concentrated in vacuo and the residue was purified by column chromatography 
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with trisdimethylaminophosphorane (4c).
4-(dimethylamino)-1-(4-methoxyphenyl)-2,5-dihydro-1H-pyrrole-3-carbonitrile (9c)
To a solution of ketone 1 (0.22 g, 1.0 mmol) in dry toluene (30 mL) was added trisdimethylaminophosphorane 4c (0.16 g, 1.0 mmol), the mixture was refluxed. After 8 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography (SiO 2 , eluting with 7% EtOAc in petroleum ether) to afford the (9c, 48 %) as a colorless solid; m.p.= 163-165 º C. 
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile (1) with trisdiethylaminophosphorane (4d).
4-(diethylamino)-1-(4-methoxyphenyl)-2,5-dihydro-1H-pyrrole-3-carbonitrile (9d
To a solution of ketone 1 (0.22 g, 1.0 mmol) in dry toluene (30 mL) was added trisdiethylaminophosphorane 4d (0.25 g, 1.0 mmol), the mixture was refluxed. After 7 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography (SiO 2 , eluting with 30% EtOAc in petroleum ether) to afford the (9d, 44 %) as a colorless solid; m.p.= 141-143 º C. 
Methyl(E)-2-(4-cyano-1-(4-methoxyphenyl)-1,2-dihydro-3H-pyrrol-3-ylidene)acetate(7a)
To a solution of ketone 1 (0.22 g, 1.0 mmol) in absolute ethanol (30 mL) was added Hornor reagent 5a (0.21 g, 1.0 mmol), followed by few drops of pipridine, the mixture was stirred. After 8 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography (SiO 2 , eluting with 3-8% EtOAc in petroleum ether) to afford (7a, 79 %) as a colorless oil.
Reactions of 1-(4-methoxyphenyl)-4-oxopyrrolidine-3-carbonitrile with 5b.
Ethyl (E)-2-(4-cyano-1-(4-methoxyphenyl)-1,2-dihydro-3H-pyrrol-3-ylidene)acetate (7b)
To a solution of ketone 1 (0.22 g, 1.0 mmol) in absolute ethanol (30 mL) was added Hornor reagent 5b (0.22 g, 1.0 mmol), followed by few drops of pipridine, the mixture was stirred. After 7 h, the reaction was concentrated in vacuo and the residue was purified by column chromatography (SiO2, eluting with 7-15% EtOAc in petroleum ether) to afford (7b, 77 %) as a colorless oil.
Biological Screening
The antibacterial and antifungal activities were carried out in the Microbial Chemistry Department, National Research Centre, using the diffusion plate method. [27] [28] [29] [30] 
Procedure
A disc of sterilized filter paper saturated with measured quantity (25 µL) of the tested sample (1 mg/mL final concentration) was placed on a plate (9 cm diameter) containing a solid bacterial medium (nutrient agar) or a fungal medium (Dox's medium) which has been seeded with the spore suspension of the test organism. After incubation at 37 °C for 24 h for bacteria (in case of fungi, at 25 °C for 72 h), the diameter of the clear zone of inhibition surrounding the sample was taken as a measure of the inhibitory power of the sample against the particular test organism (% inhibition = sample inhibition zone (cm)/plate diameter × 100). All measurements were done in chloroform as a solvent except substance 8 which is dissolved in alcohol. 
